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Mechanisms for passing information about the maternal environment to the offspring evolved in 33 several organisms. They allow mothers to match the phenotype of their offspring to changes in 34 local environment, increasing their fitness. For example, mothers of the crustacean Daphnia 35 cucullata and of some rotifer species generate predator-resistant offspring when sensing a 36 predator cue [3, 4] , seasonal changes sensed by some insect mothers result in stress-resistant 37 offspring [5] , and high population densities experienced by the red squirrel mother results in 38 faster growing offspring that are more likely to acquire a territory and survive their first winter [2] . 39 However, the mechanisms involved in the transmission of the environmental information to the 40 following generation are largely unknown. 41
42
In populations of Auanema nematodes, three sexes coexist: XX hermaphrodites, XX females 43 and XO males [6] . The male sex is chromosomally determined [7, 8] , whereas the mechanism 44 of hermaphrodite versus female sex determination is largely unknown. A crucial factor in the 45 development of hermaphrodites in this nematode genus is the passage through the stress-46 resistant dauer stage [6, 9, 10] , which has morphological and behavioral adaptations for 47 dispersal. In A. freiburgensis, XX larvae that pass through the dauer stage always become 48 hermaphrodites (N= 96), whereas XX non-dauer larvae develop into females (N= 93) . 49 50 In A. freiburgensis, the environment of the mother determines the sexual fate of the XX 51 offspring: hermaphrodite individuals kept in isolation produce mostly female offspring 52 (99.4% ± 0.6% SE, N= 149 F1 offspring from 10 mothers), whereas hermaphrodites exposed to 53 high nematode density conditions produce mostly hermaphrodite offspring (86.7% ± 2.4% SE, 54 N= 199 F1 offspring from 10 mothers). In these experiments, high-density conditions were 55 induced by incubating nematodes with conditioned medium (CM) of high-density A. 56 freiburgensis liquid cultures (see Methods). Importantly, only the parental generation was 57 exposed to the conditioned medium. Thus, these results suggest that dauer formation in A. 58 freiburgensis is induced across a generation, instead of within the same generation as in 59
Caenorhabditis elegans [11] ( Figure 1A ). The induction of dauers through the hermaphrodite 60 mother is limited to one generation: F1 hermaphrodites derived from mothers in (+) CM plates 61 produce mostly female offspring (99.6% ± 0.3% SE, N= 470 F2 offspring from 10 F1s). 
freiburgensis.
A. In C. elegans, the L1 larvae respond to environmental signals to facultatively 65 form stress-resistant dauers. A. freiburgensis, it is the mother and not the L1s that respond to 66 environmental signals. A. freiburgensis dauers larvae obligatorily develop into hermaphrodite 67 adults. B. In the experimental setup (top), the same individual mother hermaphrodite was 68 transferred every 24 hours to a new environmental condition. Initially, it was placed in a plate 69 without conditioned medium (-) CM, followed by the transfer to a (+) CM plate and then to a new 70 (-) CM plate. The sex of the offspring was then assessed. Mothers (N= 14) kept in a (-) CM plate 71 produced 1.7% of hermaphrodites (N total offspring= 386). When the same mothers (N= 14) 72 were transferred to a (+) CM plate, they generated a mean of 83% of F1 hermaphrodites (N 73 total offspring= 415). After transferring back to a new (-) CM plate, mothers (N= 10, 4 died) 74 produced 17% F1 hermaphrodites (N total offspring= 364). 75
76
To test if A. freiburgensis L1 larvae can also respond to crowding conditions, similar to C. 77 elegans L1 larvae, eggs derived from mothers cultured in isolation were left to hatch and 78 4 undergo larval development in (+) CM plates until adulthood. 95.7% (N= 161) of these L1s 79 developed into females, indicating that larvae do not respond to crowding conditions. 80
81
To determine if the CM affects dauer formation and sex determination in a reversible manner, 82 individual mothers were tested in different conditions throughout their lives ( Figure 1B ). Eggs 83 laid by hermaphrodites on (-) CM plates developed into females. When the same adult 84 individuals were transferred to (+) CM plates, the offspring were mostly hermaphrodite. After 85 rinsing the same mothers with M9 buffer and placing them onto a new (-) CM plate for about 24 86 hours, most offspring developed into females again. These results indicate that a hermaphrodite 87 mother can reversibly respond to the environmental conditions. 88 89 When cultured for 6 hours, a minimum density of 16 adult hermaphrodites per cm 2 is sufficient 90 for the induction of 100% (N= 295) of hermaphrodite offspring. In densities below 10 91 individuals/cm 2 , the hermaphrodite mothers produce practically only female offspring (10 92 individuals/cm 2 , 100% F1 female, N= 78; 6 individuals/cm 2 , 98.5% F1 female, N= 66 Nematodes have bilateral pairs of sensory organs in the head called amphids. In C. elegans, 103 some of these amphid neurons are necessary to sense the environment and regulate dauer 104 development [12] . To test if this was also the case for A. freiburgensis adults, we first identified 105 each amphid. Amphid neurons have open sensory endings and thus take up lipophilic dyes 106 such as DiI from the environment, allowing the visualization of their cell bodies [13] . Based on 107 their relative position and by using C. elegans and other nematodes as reference [14] , we 108 identified ASK, ADL and ASH as the amphids that stain with DiI in A. freiburgensis (Figure 2A ). 109
We systematically ablated each pair type by using a laser microbeam. Laser ablation of the two 110 ASH neurons in the mother hermaphrodite kept in a (+) CM plate was sufficient to prevent the 111 production of dauer and hermaphrodite offspring ( Figure 2B To test if exposure of A. freiburgensis hermaphrodites to CM changes the epigenetic status of 125 the chromatin and thus transcriptional activity in the germline, we performed antibody staining to 126 detect histone modifications. We examined histone modifications that result in the methylation of 127 lysine (K) residues of the histones 3 (H3) and 4 (H4) [15] . Similarly to C. elegans [16] , the distal 128 tip of the A. freiburgensis germline is mitotically active, whereas the remaining cells undergo 129 meiosis. In gonads isolated from hermaphrodites grown in (-) CM plates, most animals have 130 6 uniform levels of H3K4me3 (100%, N= 44 gonads) and H3K9me3 (73%, N= 67) throughout the 131 germline ( Figure 3 ). In gonads derived from animals in (+) CM plates, we observed clustered 132 cells with high levels of H3K4me3 (76.3%, N= 59) and low levels of H3K9me3 (81%, N= 91) in 133 the mitotic region ( Figure 3 To test if those histone modifications have functional relevance, we used an inhibitor of Jumonji 145 demethylases involved in H3K9me3 demethylation [17, 18] . The prediction is that treatment of 146 animals with the KDM4/JMJD-2 inhibitor IOX-1 [18] would increase the rate of H3K9me3 in 147 animals exposed to CM. This would reflect in lower number of hermaphrodites produced when 148 mothers are exposed to CM. Accordingly, we found that most mothers treated with CM and 1 149 µM IOX-1 have higher levels of H3K9me3 (57.1%, N= 7 gonads) and lower levels of H3K4me3 150 (64.7%, N= 17 gonads) in the mitotic region (Supplementary Figure S1 ). They also produced 151 mostly females (68%, N= 341 sexed F1s). In control experiments, in which hermaphrodites 152 were treated only with CM, they produced mostly hermaphrodites (82%, N= 45 sexed F1s). Phenotypic plasticity across generations is predicted to evolve when local environments can be 165 anticipated, thus providing a means for the mother to adjust the phenotype of the offspring to 166 enhance their success in that environment [22] [23] [24] . Although the ecology of A. freiburgensis is 167 not known, a strain of this species (JU1782) has been isolated from rotting plant stems, which is 168 similar to the C. elegans habitat [25] . In this environment, it is common a "boom-and-bust" type 169 The chemosensory ASH neurons do not connect directly to the germline. Thus, it is likely that 176 the endogenous signaling from sensory neurons to the germline is mediated by some 177 neuroendocrine messenger that directly or indirectly affect the epigenetic status of the mitotic 178 germline. The exposure of hermaphrodites to high-density conditions leads to higher levels of 179
H3K4me3 and lower levels of H3K9me3, and correlates with higher transcription rates [15] . It 180 remains to be determined which genes are activated and how they affect the change in sex 181 determination of the offspring. Changes in the transcription of germline genes in response to 182 environmental stimuli has been recently demonstrated in mammals as well [26, 27] . Bargmann, C.I., and Horvitz, H.R. (1991) . Control of larval development by 239 chemosensory neurons in Caenorhabditis elegans. Science 251, 1243 Science 251, -1246 13.
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Bargmann, C.I., and Horvitz, H.R. (1991) To obtain adult hermaphrodites of about the same age, we relied on the finding that every A. 313 freiburgensis dauer develops into a hermaphrodite. When many young hermaphrodites were 314 required, crowded culture plates were treated with 1% sodium dodecyl sulfate (SDS) [11] . After 315 this treatment, only dauer larvae remain alive. The treatment consisted of first resuspending 316 nematodes in 2 ml of water for each plate. They were then transferred to 15 ml tubes and 317 sedimented by centrifugation at 3,500 rpm for 3 minutes. After discarding the supernatant, 10 ml 318 of 1% SDS was added to each tube. Nematodes were incubated in SDS at room temperature 319 for 30 minutes, after which they were sedimented by centrifugation at 3,500 rpm for 3 minutes. 320 10 ml of water was added to each tube, and nematodes were resuspended and centrifuged at 321 3,500 rpm for 3 minutes. Dauers were transferred to a freshly seeded 6 cm plate and left to 322 crawl out of the carcasses and debris. For isolation of a small number of young hermaphrodites, 323 dauers were isolated from an overcrowded plate. They can easily recognized by their nictation 324 behavior, in which they stand on their tails and wave their bodies. 325 326
Sexing of offspring 327
To determine the sex of the F1 from selfing hermaphrodites, the hermaphrodite mothers were 328 selected by first isolating dauers, which in A. freiburgensis always develop into hermaphrodites. 329
Each dauer was placed on a 6 cm seeded NGM plate and kept at 20 °C to develop into an 330 adult. Eggs laid by the hermaphrodite mother were collected and placed onto 96-well plates and 331 left to develop until adulthood. Hermaphrodites were distinguished by their ability to produce 332 offspring in the absence of a mating partner. Females typically lay unfertilized oocytes, and 333 males are identified by their blunt tails [6] . When reporting sex percentages, we considered only 334 the XX offspring (hermaphrodites or females). 335 336
